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Abstract 
Background: The incidence of Moyamoya disease (MMD)-associated intracranial aneurysms 
ranges from 3% to 14% in adult patients, whereas this complication has been rarely reported in 
children. 
Case Description: We herein report the first case of an extremely rare subarachnoid hemorrhage 
(SAH) presentation of a child with a ruptured anterior cerebral artery (ACA) dissecting aneurysm 
secondary to a newly discovered, unilateral Moyamoya-like pathology. 
Conclusion: MMD-associated aneurysms are extremely rare in children, and hemorrhage may be 
the initial presentation of the disease. Prompt intervention is essential to exclude the ruptured 
aneurysm that is at risk of rebleeding due to the persistent hemodynamic stress. 
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MMD: Moyamoya disease 
MRI: magnetic resonance imaging 
SAH: subarachnoid hemorrhage 
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Introduction 
 Moyamoya disease (MMD) is a cerebrovascular pathology characterized by chronic, 
progressive stenosis of the intracranial internal carotid arteries (ICAs) as well as the proximal 
portions of their major branches, the anterior cerebral arteries (ACAs) and middle cerebral arteries 
(MCAs), in association with dilated basal collateral vessels.1 The vast majority of patients with 
MMD present with an ischemic event, although seizures, headaches, chorea and intracranial 
hemorrhage have been reported as well.2 Hemorrhage may be intraparenchymal, mainly in the 
basal ganglia region and secondary to the rupture of the newly-formed, fragile collateral vessels 
that are unable to accommodate for the hemodynamic changes associated with the progressive 
stenosis of larger vessels, intraventricular, and, less likely, subarachnoid.3 The major sources of 
intraventricular and subarachnoid hemorrhage (SAH) are intracranial aneurysms, a two-type 
classification for which has been proposed: major artery aneurysms and blood flow-related 
aneurysms 4. The location of the aneurysm is strongly associated with the hemorrhage type, where 
major artery aneurysms are more likely to cause SAH and the peripheral, blood flow-related 
aneurysms more frequently lead to intraparenchymal and intraventricular hemorrhage.4 The 
incidence of MMD-associated intracranial aneurysms ranges from 3% to 14% in adult patients,5 
whereas this complication has been rarely reported in children. Most of the reported hemorrhages 
in children cases are intraventricular; to our knowledge, only one child presenting with SAH from 
a posterior communicating artery aneurysm has been reported so far.6 We herein report the first 
case of an extremely rare SAH presentation of a child with a ruptured ACA dissecting aneurysm 
secondary to a newly discovered, unilateral Moyamoya-like pathology.  
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Case Description 
 Our patient is a 14-year-old girl with no previous medical, family or trauma history who 
presented to the emergency department complaining of recent onset of the ‘worst headache of her 
life’. Her neurological examination was pertinent for confusion, vertical nystagmus, and bilateral 
lateral gaze palsy. Urgent brain computed tomography (CT) scan revealed SAH in the basal 
cisterns with predilection to the right side (Figure 1-A). Subsequent brain CT angiography (CTA) 
confirmed the findings, revealing a 4 mm well-defined aneurysm seen at the proximal A1 segment 
immediately after the ICA bifurcation that has ruptured leading to SAH and the consequent clinical 
presentation (Figure 1-B). To further evaluate the aneurysm and the full cerebrovascular tree, a 
digital subtraction angiography (DSA) cerebral angiogram was performed, again showing a 4 x 4 
mm right A1 aneurysm and significant narrowing of the M1 segment of the right MCA, along with 
ipsilateral arterial-arterial collateral vessels, suggestive of a chronic, unilateral Moyamoya-like 
pathology (Figure 2). The dynamic pattern of filling and emptying with angiography was also 
very suggestive of a dissecting nature of that aneurysm. Calcium channel blockers were started, 
and the patient was placed under close supervision and blood pressure control monitoring in the 
intensive care unit (ICU); she was planned for an endovascular intervention on the next morning. 
On the same night, however, the patient experienced acute exacerbation of her headaches, and an 
urgent brain magnetic resonance imaging (MRI) was done, revealing a right insular and caudate 
nucleus increased cortical thickening and signal abnormality on fluid-attenuated inversion 
recovery (FLAIR), suggesting hypoxic injury (Figure 3-A); also noted was the sign of chronic 
vaso-occlusive disease, the ‘ivy sign’ (Figure 3-B). In addition, MRI suggested an increase in the 
size of the aneurysm, explaining the exacerbation of headaches. During the endovascular 
procedure in the next morning, the pre-intervention angiographic images showed a significant 
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increase in the size of the aneurysm, reaching 5.7 x 4.5 mm, intra-aneurysmal blood pooling, as 
well as severe stenosis of the ipsilateral M1 segment and stenosis of the ipsilateral supraclinoid 
ICA and A1 segment of the right ACA, suggestive of a vasospasm complicating the SAH and 
superimposed on the previously described MMD-related arterial stenosis (Figure 4). The dome 
and neck of the aneurysm, in addition to the right A1 segment, were occluded using 6 coils after 
confirming sufficient vascular supply of the ipsilateral anterior cerebral artery territory by the 
contralateral ACA. The post-operative neurological examination did not reveal any new deficit. 
The patient was monitored in the ICU for a total of 14 days and discharged home with an almost 
full neurologic recovery few days after the endovascular intervention. During her stay, trans-
thoracic echocardiography was performed revealing a patent foramen ovale. The patient is planned 
for pial synangiosis in the near future to improve the compromised blood flow to the right MCA 
territory.  
Discussion 
 The pathological architecture of the vascular tree and subsequent hemodynamic changes 
are important factors that contribute to the formation and determine the location of aneurysms in 
MMD patients. According to a recent study reporting aneurysms in children with MMD, 
aneurysms were almost equally distributed between the anterior (55.6%) and posterior (44.4%) 
circulations, the most common implicated vessels of which were the anterior choroidal artery and 
moyamoya vessels in the anterior circulation and posterior choroidal artery in the posterior 
circulation.6 In our patient, both the location and hemorrhagic type are peculiar. To our knowledge, 
none of the reported children with MMD had an ACA aneurysm, and only one patient presented 
with SAH from a posterior communicating artery.6 Our patient had a patent foramen ovale, which 
is consistent with reports of an association between congenital cardiac anomalies and MMD.2 
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Although not documented on histopathological examination, the aneurysm in our patient is most 
likely a dissecting aneurysm given the rapid increase in size, recurrent bleeding, and intra-
aneurysmal blood pooling noted on angiographic images; these characteristics were consistently 
reported in pseudoaneurysms of peripheral arteries of patients with MMD.7-10 Such aneurysms are 
more prone to rupture due to the persistent hemodynamic stress imposed by the vascular anomalies 
associated with MMD,11 and thus, prompt management is pivotal. In these patients, the 
management plan has two arms: acute, short-term stabilization and/or occlusion of the aneurysm 
and long-term, secondary prophylaxis against the development of new aneurysms and other MMD 
complications. The acute management plan may include surgical or endovascular interventions to 
exclude the ruptured aneurysm,6, 12, 13 whereas direct and indirect surgical bypass procedures such 
as superficial temporal artery-middle cerebral artery (STA-MCA) bypass, 
encephaloduroarteriosynangiosis (EDAS), and encephaloduroarteriomyosynangiosis (EDAMS)14, 
15 are reserved for long-term management of MMD, especially in patients who had prior ischemic 
and hemorrhagic complications. We chose endovascular coiling rather than surgical clipping in 
this case because of the dissecting nature of the aneurysm, which necessitated parent artery along 
with pseudo-aneurysm occlusion. Conservative treatment was not an option due to the instability 
of the aneurysm, rapid increase in size, and recurrent bleeding. Pial synangiosis, a variation of 
EDAS, is planned for the long-term management of the condition. Indirect procedures may be 
easier to perform in children given the smaller diameter of the vessels and they provide similar 
long-term results in terms of revascularization;16 thus, higher rates of successful revascularization 
by indirect bypass are expected in pediatric MMD.  
Conclusions  
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MMD-associated aneurysms are extremely rare in children, and hemorrhage may be the 
initial presentation of the disease. Prompt intervention (endovascular or surgical) is essential to 
exclude the ruptured aneurysm that is at risk of rebleeding due to the persistent hemodynamic 
stress. Long-term management with direct and/or indirect bypass should follow to decrease the 
risk of new flow-related aneurysm formation or development of other MMD-associated ischemic 
or hemorrhagic complications. 
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Figure Legends 
Figure 1 –  A. Grade II Subarachnoid hemorrhage localizing to the interhemispheric fissure, the 
right sylvian fissure and the right aspect of the suprasellar cistern B. CT angiography 
demonstrating a faint appearance of the supraclinoid segment of the right internal carotid artery 
and the M1 segment of the right middle cerebral artery, with a small aneurysm seen at the junction 
of the supraclinoid ICA and the right A1 segment (arrow). 
Figure 2 – DSA diagnostic cerebral angiogram. Selective right internal carotid injection again 
demonstrating the right A1 aneurysm (arrows), with significant narrowing of the right M1 segment 
of the MCA and ipsilateral, arterial-arterial collateral vessels. 
Figure 3 – A. MRI of the brain with diffusion weighted images. Restriction of diffusion indicating 
right insular and caudate nucleus ischemia (arrowheads). B. ‘Ivy sign’ (arrowheads) is seen on the 
FLAIR sequence of MRI. 
Figure 4 – A. DSA pre-coiling cerebral angiogram showing an interval increase in the size of the 
right A1 aneurysm to reach 5.7 x 4.5 mm (arrow), intra-aneurysmal blood pooling (arrow), and 
cavernous transformation of the ipsilateral M1 segment. B & C.  3D volume rendering images of 
the cerebral angiogram demonstrating the aneurysm (arrows). 
Figure 5 – DSA cerebral angiogram: Post-endovascular cerebral coiling of the right A1 aneurysm 
using a total of 6 neurovascular coils (arrow) deployed to obliterate the dome and neck of the 
aneurysm as well as the parent A1 segment after confirming the presence of sufficient vascular 
supply of the ipsilateral anterior territory by the contralateral ACA. 
